Experimental section
Synthesis of multi-shelled Mn 2 O 3 hollow microspheres: All reagents (purchased from Beijing Chemical Co. Ltd.) were analytical grade and used as received. Manganese acetatetetrahydrate (Mn(Ac) 2 ·4H 2 O) was used as the metal precursor. Taking the synthesis of the quadruple-shelled Mn 2 O 3 hollow microspheres as an example, a prototypical synthesis process was described as follows. First, carbonaceous microspheres (CMSs) templates were prepared through the emulsion polymerization reaction of sucrose under the hydrothermal conditions as described elsewhere.
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Then freshly-prepared CMSs (600 mg) were dispersed in 30 mL of a 1 M manganese acetate solution (water : ethanol = 1:3, v/v) with the aid of ultrasonication. After ultrasonic dispersion for 15-30 min, the resulting suspension was stirred for 6 h at 30°C in a water bath, then filtered with a vacuum pump and washed with deionized water for three times, and then dried at 80°C for more than 12 h. Finally, the quadrupleshelled Mn 2 O 3 hollow microspheres were produced after an annealing process, that is: the resultant composite microspheres were heated in a muffle furnace to 500°C in air at the rate of 1 °C min -1 , and kept at 500°C for 1 h, then cooled down to room temperature naturally. The shell numbers of the Mn 2 O 3 hollow microspheres were tuned with the control of the solution pH values by adding hydrochloric acid into the manganese acetate solution, while the washing, drying and annealing processes remained the same. Detailed experimental parameters can be found in Table S1 . mbar and the X-ray spot was 500 µm.
The XPS data were corrected with reference to C 1s (284.8 eV). The TGA-DTA (thermo gravimetric analysis -differential thermal analysis) data were collected through a DTA-60 (Shimadzu, Japan), annealed under air atmosphere with a heating rate of 1 °C min -1 .
Electrochemical measurements:
The electroactive materials were mixed with carbon black and polyvinylidence difluoride (PVDF) binder at a mass ratio of 70:20:10 in a mortar with N-methyl pyrrolidinone (NMP) solvent and ground to form a slurry. This slurry was then spread and pressed on to the Ni foam current collector (diameter: 1.5 cm) and allow to dry in a vacuum oven at 120°C for 12 h (loading amount of active materials: ~0.6 mg).
Electrochemical experiments were then performed at room temperature on the CHI 660C (CH Instruments, Inc) electrochemical workstation using the three electrode system in a beaker in 6 M KOH without removal of oxygen from the solution. An SCE (saturated calomel electrode) reference electrode and a platinum foil counter electrode were used for the cyclic voltammetry (CV) over a voltage range of 0 to 0.45 V at various scan rates (5 to 200 mV/s). The average specific capacitance (C sp ) determined from the cylic voltammometric curves was calculated according to Equation (1):
Where i, Δv, and w are the current (mA), the voltage range of one scanning segment (V), and mass of the electrode material (mg), respectively. The specific capacitance was also calculated from the chronopotentiometric curves according to Equation (2) :
where I is the charge/discharge current, Δt is the time for a full charge or discharge, w is the weight of the active electrode material, and Δ is the voltage change after a full charge or discharge, respectively. . Therefore, combined with our heat treatment conditions and the TGA curves ( Figure S6 ), we can get the conclusion that there is not any kind of amorphous impurity species in the final multi-shelled microspheres. 
